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The primary cilium has emerged as a central organelle essential
for Sonic Hedgehog (Shh) signal transduction in mammalian systems
and components of the Shh pathway localize to cilia. In response to
Hedgehog (Hh) ligands, Smoothened (Smo) translocates to primary
cilia and enrichment in cilia is correlated with pathway activation. We
have studied the regulation of Smo localization in the e10.5 mouse
neural tube where response to Shh gradients results in stereotyped
cell fate specification. We find that Smo is enriched within primary
cilia of cells of the neural tube. Cells within the floorplate and pV3
domains, which respond to strong Shh levels, show Smo ciliary
localization. Notably, despite being a Shh-dependent cell type, motor
neuron progenitors do not show enrichment of Smo in their primary
cilia. Smo transcripts are expressed at all D/V levels of the neural
tube. This led us to test whether there is a Shh-dependent
mechanism that restricts Smo ciliary localization in the neural tube.
Dync2h1 encodes the heavy chain of the dynein motor that powers
retrograde trafficking within the cilium. In Dync2h1 mutants, retro-
grade trafficking is disrupted and Shh-dependent patterning in the
neural tube is blocked. Despite the loss of Shh signaling, Smo protein
is enriched in Dync2h1 neural tube cilia at all D/V and A/P levels. We
are currently testing the requirement of the Shh receptor, Patched1, in
a negative feedback mechanism to restrict Smo localization.
doi:10.1016/j.ydbio.2009.05.049
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Neural crest cells are a uniquely vertebrate cell type vital for
development. They form at the border of the neural plate and
epidermal ectoderm, migrate to numerous locations and differenti-
ate into many cell types. Many transcription factors are involved in
the generation of the neural crest, including FoxD3. To better
understand the regulatory interactions involved in neural crest
formation, we analyzed the regulatory region of FoxD3 for the
presence of enhancer elements. Elements conserved across chick,
mouse and human in the FoxD3 genomic region were cloned into a
reporter construct and electroporated into Stage 4 chick embryos.
We identified two elements upstream of FoxD3 that direct expres-
sion in the neural crest in spatially and temporally distinct patterns,
and in combination recapitulate the entire expression of FoxD3 in
the neural crest. The first element directs expression only in
premigratory and migratory cranial neural crest. The second element
directs expression in migratory cranial neural crest and premigratory
and migratory vagal and trunk neural crest. We reduced the size of
these enhancers to identify minimal core regions and used
bioinformatics analysis to identify putative transcription factor
binding sites. Site directed mutagenesis of the premigratory cranial
neural crest enhancer revealed two binding sites critical for activity
of the enhancer: a homeodomain site and an Ets/Gata binding site.
Antisense morpholinos and chromatin immunoprecipitation are
being used to confirm the identity of the upstream transcription
factors that regulate these FoxD3 neural crest enhancers. The results
provide new insight into the gene regulatory mechanisms under-
lying neural crest formation.
doi:10.1016/j.ydbio.2009.05.050
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Regulation of dorsalventral axis formation by the control of
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Formation of the organizer is the key step in establishing the
dorsalventral axis of the zebrafish embryo. Organizer formation is
initiated by a Wnt/beta-catenin signal whose initial read-out is the
localized expression of the homeobox gene Bozozok/Dharma/Nieuw-
koid. Boz acts by reciprocal inhibitory interaction with the ventral
genes vent, vox and ved. Achieving a balance between Boz and Vent/
Vox/Ved proteins is critical to proper body patterning. We report
here that Ligand of Numb protein-X-like (Lnx-l), a RING finger and
four PDZ domain-containing E3 ubiquitin ligase, regulates early
patterning by limiting Boz protein levels and consequently the range
and intensity of Boz action. Lnx-l achieves this end by ubiquitinating
Boz and inducing its proteasome-mediated destruction. This study
shows that regulation of protein stability is an essential mechanism
in the formation of the embryonic axis and in achieving a proper
balance between organizer and ventral regions of the embryo.
doi:10.1016/j.ydbio.2009.05.051
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Regulation of the appropriate level of retinoic acid (RA), an
important developmental signaling molecule, is crucial for its precise
action in the embryo since either an excess or a deficiency of RA is
detrimental to the elaboration of pattern. A full knowledge of the
uptake and metabolic steps involved in RA generation is clearly
required for a complete understanding of its action. This regulation is
accomplished by the uptake of its precursor, retinol, into embryonic
cells and by its subsequent enzymatic conversion to RA via retinal. The
conversion of retinal to RA by the retinaldehyde enzymes (RALDHs)
has been well characterized, but the conversion of retinol to retinal has
only recently been revealed to be associated with the enzyme RDH10
as has the discovery of the cell surface receptor for retinol, Stra6, which
imports retinol into the cell. Building on our previous descriptions of
the metabolic pathways of RA generation in the chick embryo, our
model system of choice, we describe here the distribution of Stra6 and
RDH10 by in situ hybridization and their regulation by RA. We show
that RDH0 and Stra6 have some surprising expression patterns, for
example, in Henson's node and in the hindbrain mesenchyme.
Unexpectedly, RDH10 has a distribution within that of the RALDHs
suggesting that retinal may diffuse between cells in order to generate a
field which utilizes RA for development. This data adds considerably to
our knowledge of how RA is generated in the chick embryo in order to
pattern developing organ system.
doi:10.1016/j.ydbio.2009.05.052
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